Synthetic biology has recently provided functional single-cell oscillators. With a few exceptions, however, synchronization across a population has not been achieved yet. In particular, designing a cell coupling mechanism to achieve autonomous synchronization is not straightforward since there are usually several different design alternatives. Here, we propose a method to mathematically predict autonomous synchronization properties, and to identify the network structure with the best performance, thus increasing the feasibility for a successful implementation in vivo.
over, when considering a spatially heterogeneous medium, we observe phase waves. These waves may hinder synchronization substantially, and their suppression should be considered in the design process.
In contrast to previous work, we analyze the synchronization process of models of experimentally validated synthetic oscillators in mammalian cells. Alternative designs for cell-to-cell communication via a quorum sensing mechanism differ in few mechanistic details, but these differences have important implications for autonomous synchronization. Our analysis suggests that not only the periodical transcription of the protein producing the signaling molecule, but also of the receptor protein is necessary to achieve good performance.
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Introduction
Biomolecular clocks can be found in many types of cells. In multicellular organisms, oscillators residing in individual cells often synchronize their signals with those of neighboring cells. This requires some communication mechanism between the cells, upon which they are able to produce a common oscillatory signal, to which each cell subsequently synchronizes.
In the last decade several synthetic oscillators were constructed that mimic properties of natural oscillatory networks (Elowitz and Leibler 2000; Atkinson et al. 2003; Fung et al. 2008; Stricker et al. 2008; Tigges et al. 2009 ). These synthetic oscillators have helped broadening our understanding of the intrinsic dynamics of natural oscillators, due to their relative "simplicity."
In principle, it is possible to synchronize synthetic single-cell oscillators, and a synthetic oscillator with the ability of autonomous synchronization was recently engineered in Escherichia coli (Danino et al. 2010) . By using a microfluidic device, the authors showed the dependencies between the synchronization process and changing flow conditions. However, the rational design of systems that allow synchronization of entire cell populations remains a challenge, as much as prediction mechanism assessing the synchronization properties of alternative designs.
Previous theoretical works in the field often focused on abstract or simplified oscillator models, for instance, to compare attractive, repulsive, and stochastic coupling of populations of relaxation oscillators, smooth oscillators, and stochastic oscillators (Zhou et al. 2008) . These studies typically rely on numerical simulations, such as the analysis of the transition of a multicellular clock of coupled repressilators to synchrony that identified a minimal cell density as a requirement for synchronization (Garcia-Ojalvo et al. 2004; Misra and Mitra 2008) . Similar methods, combining theory and experimentation, were applied to populations of coupled chemical oscillators (Taylor et al. 2009 ). However, few analytic approaches to the synchronization problem exist. Model simplification and classical dynamic systems analysis of nullclines or bifurcations were used as alternative approaches to study synchronization in genetic relaxation oscillators (McMillen et al. 2002;  
